To evaluate the effects of pre-operative L-alanyl-glutamine (L-Ala-Gln) on blood glucose control in patients with coronary obstruction, selected for myocardial revascularization. METHODS: Twenty-two patients (63±8 years) were randomly assigned to receive 250ml of L-Ala-Gln 20% plus saline 750 ml (Group L-Ala-Gln, n=11) or saline 1000 ml (Group Saline, n=11) over 3 hours before operation. Pre-operative blood samples were collected 3h before (T-1) and at the beginning of the surgical procedure (T-2). Intra-operative samples were collected immediately before the start (T-3) and the end of extra-corporeal perfusion (T-4). Post-operative samples were collected 12h (T-12) and 24h later (T-24). RESULTS: Glycemia decreased significantly in L-Ala-Gln treated patients during the intraoperative period. The same effect did not occur in saline patients. As the rate of insulin infusion, administered routinely to patients undergoing surgery with extracorporeal circulation was constant in both groups during surgery, the reduction of blood glucose in group L-Ala-Gln does not seem to be related to exogenous insulin. CONCLUSION: Pre-operative use of L-Ala-Gln improves glycemic control in patients with coronary artery occlusion, submitted to myocardial revascularization. Keywords: Glutamine. Blood Glucose. Metabolism. Coronary Artery Disease. Cardiovascular Surgical Procedures.
Introduction
Stress hyperglycemia is frequently seen in critically ill patients and is due to increased counterregulatory hormones (glucocorticoids, catecholamines, growth hormones, and glucagon), the effect of cytokines, and preexisting glucose intolerance 1 . In the past, up to the 1980s, no efforts were made to normalize blood glucose in acutely ill patients. Sustained hyperglycemia was interpreted as a potentially beneficial phenomenon, apt to increase substrate availability in the tissues and maintain urine output 2 . Tight glucose control below 110 mg/ dL with insulin has been shown to exert anti-inflammatory effects in critically ill patients 3 . Recent studies have pointed out the negative effects of persistent hyperglycemia in cardiac surgery patients. Post-operative complications including localized or systemic infections have been identified [4] [5] [6] . Plasma glutamine level decreases at times of acute and/ or critical illness in humans and is an independent predictor of outcome 7 . Studies often cited show efficacy for glutamine use in critically ill patients demonstrate improved mortality [8] [9] [10] and decreased length of hospital stay and intensive care unit costs 11 . Khogali et al. 12 investigated the effects of L-glutamine (0-20mM) on cardiac function of the isolated perfused working rat heart and concluded that glutamine may be suitable as a cardioprotective and rescue agent. The researchers affirmed that the protective effects of Gln would be mediated by maintenance of myocardial glutamate, ATP and phosphocreatine and prevention of lactate accumulation 12 . Considering that published experimental studies have shown that L-Ala-Gln improves glucose disposal 13 , this paper is aimed at studying the possible effects L-Ala-Gln preoperative infusion in glycemic control in patients with coronary artery disease scheduled for coronary artery bypass grafting (CABG). years at the time of surgery) with coronary artery disease scheduled for CABG were randomly assigned to receive either L-Ala-Gln 20% solution (Dipeptiven -Fresenius Kabi) in saline 750 ml (Group L-Ala-Gln, n=11) or saline 1000 ml (Group Saline, n=11). The exclusion criteria were recognized diabetes mellitus, chronic renal or liver insufficiency and patients in use of systemic corticoid medication. Pre-operative blood samples were collected 3h before (T-1) and at the beginning of the surgical procedure (T-2). Intra-operative samples were collected immediately before the start (T-3) and the end of extra-corporeal perfusion (ECP), (T-4).
Methods
Post-operative samples were collected 12h (T-12) and 24h later (T-24). Infusions were started 3 h prior to the operative procedure and lasted 3 hours.
Surgical procedure
Conventional CABG was performed with single-stage venous cannula drainage, moderate systemic hypothermia, and antegrade or retrograde cold-blood cardioplegic solution. The patients were heparinized with an initial dose of heparin (3 mg/kg) and periodically supplemented with additional doses to maintain an activated clotting time of >480 s. At the end of the procedure, 1 mg of protamine per each milligram of heparin was given.
Patients received a continuous infusion of regular insulin throughout surgery and early postoperative period (24 h) via the infusion port of pulmonary artery catheter. Volumetric infusion pumps were used (Colleague with Continu-flo solution set, 2.8m, Baxter Healthcare Corp, Deerfield, IL). The infusion was prepared by mixing 5 mL of regular insulin (Humulin R, Eli Lilly), 100 units/mL in 500 mL of 0.9% saline to attain a final concentration of 1 U/mL. Initially, 50 mL of insulin was flushed through the solution set. For each patient, a fresh, unopened, refrigerated vial of insulin was used. In order to keep glycemia levels between 100-180 mg/dL insulin was administered to all patients in a fixed rate of 5 U/h during the intraoperative period. Blood glucose concentration was monitored hourly. Insulin infusion was discontinued when blood glucose levels reached <100 mg/dL. Raise of glycemia>100 mg/dL would trigger the resumption of the insulin infusion. In the early postoperative period (up to 48 h) insulin infusion was adjusted to maintain blood glucose concentration between 100 and 180 mg/dL.
Biochemical analysis
Insulin was assayed utilizing Roche/Hitachi Modular Analytics Laboratory Automation Systems, Modular P 800 Roche/ Hitachi (Roche Diagnostics Corp., Indianapolis, USA). Blood glucose concentration was monitored by a glucometer (Accu-Chek Advantage ® , Roche, Mannheim, Germany). Lactate concentrations were measured according to biochemical methods published elsewhere. 14 
Statistical methods
GraphPad 4.0 (GraphPad Software, San Diego, California, USA, www.graphpad.com) was used for computation and statistical analysis. Continuous variables were expressed as mean±SD, or median and interquartile range if distributions were skewed; a p value < 0.05 was considered significant. As results obtained involved multiple observations per patient, repeated variables in each group were analyzed by repeated measurement analysis of variance (ANOVA) and by two-way ANOVA.
The concentration of blood lactate did not change with glutamine pretreatment (Table 1) . 
Results
Results are presented in figures and tables. Blood glucose levels were significantly different in intraoperative period, comparing L-Ala-Gln treated patients with control values (Figure 1 ). 
Timepoints

Discussion
The present study aimed to identify the effects of a nutraceutic dose L-Aln-Gln infusion (50g of the dipeptide) over 3 hours during the operative period, upon blood lactate and glucose concentrations in cardiac surgery patients.
Glutamine was infused over 3 hours preoperatively. The administration of L-ala-Gln by intravenous infusion during 3 hours was based on the fact that, in humans, administration of glutamine takes two hours to reach a steady state concentration in blood 15 .
Hyperglycemia and insulin resistance mark the metabolic profile of stress response after surgery, and is more pronounced among diabetics 2 . For this reason, diabetic patients were excluded from our study.
L-Aln-Gln dipeptide in a 20% solution contains 13.46g of L-glutamine/100ml. This means that 33.6 g of L-glutamine were administered over 3 hours at a rate of 11.2 g of L-glutamine/hour. The average weight of patients who received the dipeptide infusion (group 2) was 59.8 kg. Therefore, patients received about 0.19g of L-glutamine/kg/hour. In various clinical studies, the use of glutamine (50-60g/day) for periods ranging from 4 hours to 30 days did not result in any deleterious effect 16 . Volunteers treated with high doses of glutamine (0.3 g/kg) orally in a single dose (bolus) and observed for 4 hours exhibited no signs of adverse effects 17 . In this study the amino acid was administered by continuous infusion. The dose used (11.2g/h) was 37% lower than that reported by Ziegler 17 . No adverse effects were observed. The two primary mechanisms involved in triggering stress hyperglycemia are enhanced hepatic glucose production (increased gluconeogenesis) and decreased peripheral glucose use (insulin resistance) 2 . In our study the severe stress imposed by the surgical procedure lead to a significant increase in blood glucose levels during the surgical procedure in both groups, comparing pre-operative, intra-operative and post-operative periods with basal values (Figure 1 ). The significant decrease (p<0.05) in glycemia during the intra-operative period in L-Ala-Gln treated patients compared with saline-treated patients does not seem to be related to the exogenous insulin infusion considering that the infusion rate was constant in both groups. This difference in glycemia levels could be due to the ability of glutamine to reduce insulin resistance in critically ill patients. This has also been recently confirmed by Bakalar et al. 18 in an isotope study with hyperinsulinemic euglycemic clamp in severe trauma patients.
In the present study the concentration of blood lactate did not change with glutamine pretreatment. Contrary to our results, Alves et al. 19 found significant differences in venous blood lactate in patients with critical leg ischemia treated with L-Ala-Gln.
Some limitations to the current study were: 1) L-Ala-Gln infusion was limited to the preoperative period; 2) blood samples were collected from peripheral vessels and therefore subjected to hemodilution. There is a need for more randomized clinical studies aimed at elucidating the benefit of this nutritional strategy concerning a better glucose control in cardiac surgery patients.
Nevertheless, the fact that there was a decrease in glucose concentration during the intraoperative period may be an indication of the potential therapeutic effect of preoperative L-Ala-Gln administration in critically ill heart surgery patients.
Conclusion
Preoperative use of L-Ala-Gln in nutraceutical doses improves glycemic control in patients with coronary artery occlusion, submitted to myocardial revascularization.
